Abstract Guidelines for the diagnosis and monitoring of hypertension were historically based on in-office blood pressure measurements. However, the US Preventive Services Task Force recently expanded their recommendations on screening for hypertension to include out-of-office blood pressure measurements to confirm the diagnosis of hypertension. Out-of-office blood pressure monitoring modalities, including ambulatory blood pressure monitoring and home blood pressure monitoring, are important tools in distinguishing between normotension, masked hypertension, white-coat hypertension, and sustained (including uncontrolled or drug-resistant) hypertension. Compared to in-office readings, out-of-office blood pressures are a greater predictor of renal and cardiac morbidity and mortality. There are multiple barriers to the implementation of outof-office blood pressure monitoring which need to be overcome in order to promote more widespread use of these modalities.
Introduction
Hypertension is the most common diagnosis made in adults by primary care practitioners, occurring in 20 to 30 % of the US population [1] . Hypertension is widely considered to be a principal risk factor in the development of multiple serious morbidities including stroke, cardiovascular disease, congestive heart failure, and chronic kidney disease [2] [3] [4] [5] . Highquality randomized controlled trials consistently demonstrate a marked reduction in adverse renal and cardiovascular outcomes in hypertensive patients who undergo treatment for their hypertension [2] [3] [4] . Furthermore, there is minimal measurable harm associated with screening for hypertension [6] [7] [8] [9] [10] [11] . As a result, since 2003, the US Preventive Services Task Force (USPSTF) has strongly recommended screening for hypertension for in adults age 18 and older (grade A recommendation) [6, 7] .
In the USA, screening and monitoring of hypertension typically occurs in the healthcare setting based on preexisting recommendations [6, 7] . However, in October 2015, the USPSTF released its first addendum to the original recommendations on screening for hypertension in adults [12••] . In the updated recommendations, the USPSTF indicated that blood pressure measurements should be obtained outside of the clinical setting in order to confirm the diagnosis of hypertension and before starting treatment [12••] .
While out-of-office blood pressure monitoring has been widely endorsed in European guidelines [13, 14] , the new USPSTF recommendations represent the first time that outof-office blood pressure monitoring has been endorsed in the USA. Previous screening recommendations and practice guidelines for hypertension diagnosis and management were largely developed using office-based blood pressure measurements [6, 7, 15, 16] . This is likely due to a combination of the existing high-quality study data, economic considerations, and relative ease of execution. Nonetheless, repeated measures of blood pressure, whether in or out of the office, provide much greater predictive value for the diagnosis of hypertension than any single measurement [17] . Out-of-office blood This article is part of the Topical Collection on Hypertension pressure measurement modalities, including home blood pressure monitoring and ambulatory blood pressure monitoring, are superior to office-based measurements for prognostication of renal and cardiovascular outcomes [18] [19] [20] [21] .
There are a number of barriers to the wide implementation of home blood pressure monitoring and ambulatory blood pressure monitoring, including limited access, the need for patient-level quality assurance, and insufficient reimbursement. However, these out-of-office modalities exist as an important complement to in-office measurements and can provide more accurate assessment of blood pressures for the initial diagnosis of hypertension in addition to ongoing monitoring of therapeutic effectiveness.
In-Office vs. Out-of-Office Measurements
The majority of guidelines regarding the initiation of treatment for and ongoing management of hypertension are based on studies using in-office blood pressure readings [15, 16] . However, in real-world practice, restricting screening for hypertension to in-office blood pressure measurement poses the risk of under-or over-diagnosing hypertension, and missing isolated nocturnal hypertension. Repeated measures of blood pressure have significantly greater positive predictive value for diagnosing hypertension than any single measurement [17] . Nonetheless, even repeated in-office blood pressure measurements are often weakly correlated with out-of-office blood pressures [22] . Furthermore, in-office blood pressures are an inferior predictor of long-term cardiovascular outcomes compared to out-of-office measurements [18, 19, 23] . Masked hypertension, white-coat effect, and isolated nocturnal hypertension are major contributing factors to the discrepancies between in-office and out-of-office blood pressures as well as their prognostic values.
Masked Hypertension
Masked hypertension is defined as normal in-office blood pressure in the setting of elevated ambulatory or home blood pressure ( Fig. 1) [24] . In population-based studies, masked hypertension occurs in up to 30 % of individuals with normal in-office blood pressure readings [25] . Previous meta-analyses have demonstrated up to a twofold increased hazards of cardiovascular events and mortality in patients with masked hypertension (confirmed by either ambulatory blood pressure monitoring or home blood pressures) compared to patients who are truly normotensive [26, 27] . More recent studies corroborate these findings. A 2014 retrospective analysis of 6458 patients across five countries using data from the International Database of Home Blood Pressure demonstrated a significantly increased hazards of adverse cardiovascular events (defined as cardiovascular mortality, nonfatal myocardial infarction, surgical and percutaneous coronary revascularization, heart failure, pacemaker implantation, and stroke) in patients with untreated masked hypertension compared to untreated patients who were normotensive (adjusted hazard ratio [ In a 2015 analysis of 972 patients enrolled in the Jackson Heart Study, a population-based cohort of African American patients living in the southern USA, 34.4 % of patients with normal in-office blood pressures had an elevated 24-h ambulatory blood pressure value consistent with masked hypertension [29••] . Patients with masked hypertension had more severe signs of target organ damage than patients with who were normotensive, as demonstrated by higher common carotid artery intima-media thickness, left ventricular mass index, and urinary albumin-to-creatinine ratio. The findings of more severe target organ damage were similar between patients with masked hypertension and patients with uncontrolled hypertension (i.e., sustained elevated blood pressure both in and out of the office) [29••] .
Similarly, in a 2015 study of 3027 patients from the Dallas Heart Study, a multiethnic, probability-based cohort, 17.8 % of patients had masked hypertension [30••] . Compared to normotensive patients, patients with masked hypertension had significantly increased signs of target organ damage, including increased aortic pulse wave velocity, cystatin C, and urinary albumin-to-creatinine ratio. Patients with masked hypertension also had a significantly higher hazard for cardiovascular events (adjusted HR 2.03, 95 % CI 1.36-3.03) [30••] .
Of note, masked hypertension is significantly associated with increased risk for development and progression of chronic kidney disease [31, 32] . In a study of 1492 patients enrolled in the Chronic Renal Insufficiency Cohort, an ongoing multicenter observational study of patients with an estimated glomerular filtration rate between 20 and 70 mL/min/1.73 m 2 , 27.8 % of patients had masked hypertension based on 24-h ambulatory blood pressure monitoring. Among these patients, masked hypertension was independently associated with more severe renal and cardiovascular target organ damage, including lower estimated glomerular filtration rate, higher degree of proteinuria, greater left ventricular mass, and worsening arterial stiffness [33••] .
White-Coat Effect
White-coat hypertension is defined as elevated in-office blood pressure in the setting of normal out-of-office blood pressure in patients not yet undergoing treatment for hypertension. White-coat effect occurs when blood pressure is elevated in the healthcare setting in patients who are already undergoing treatment for hypertension whereas ambulatory or home readings are not elevated ( Fig. 1 ) [24] . The reported prevalence of white-coat hypertension varies widely and ranges from 5 to 65 % in various studies of untreated patients [11] . The results of existing literature are mixed with regard to long-term cardiovascular risk associated with white-coat hypertension, particularly among patients with untreated white-coat hypertension.
In the 2015 analysis of 3027 patients from the Dallas Heart Study, described above, 3.3 % of patients had white-coat hypertension. Compared to normotensive patients, patients with white-coat hypertension had a significantly increased rate of target organ damage (i.e., aortic pulse wave velocity, cystatin C, and urinary albumin-to-creatinine ratio) as well as a significantly increased hazard of cardiovascular events (adjusted HR 2.09, 95 % CI 1.05-4.15) [30••] . However, in 2012, analyses from the Finn-Home Study, a population-based cohort of 2046 patients in Finland, demonstrated no significant increase in cardiovascular events (unadjusted HR 1.18, p = 0.5) and mortality (unadjusted HR 1.23, p = 0.5) among subjects with whitecoat hypertension compared to normotensive subjects [23] .
The 2014 analysis of 6458 patients from the International Database of Home Blood Pressure, described above, demonstrated a significantly increased hazard of adverse cardiovascular events and mortality among untreated patients with white-coat hypertension compared to untreated normotensive patients (adjusted HR 1.42, 95 % CI 1.06-1.91) [28•] .
However, there was no increased hazard of adverse cardiovascular events or mortality among patients on antihypertensive medication who had white-coat effect compared to treated patients with controlled hypertension (adjusted HR 1.16, 95 % CI 0.79-1.72) [28•] . In 2012, a meta-analysis of data from 7295 elderly patients with systolic hypertension in the same cohort demonstrated no significant difference in hazard of fatal and nonfatal cardiovascular events in untreated patients with white-coat hypertension compared to untreated normotensive patients (adjusted HR 1.17, 95 % CI 0.87-1.57). Similar to the subsequent findings in this cohort, patients with treated white-coat hypertension also had no increased hazard of fatal and nonfatal cardiovascular events compared to patients with treated, controlled hypertension (adjusted HR 1.10, 95 % CI 0.79-1.53).
As a result of these conflicting results, there is no existing consensus about whether white-coat hypertension is a benign finding or a marker of future cardiovascular risk. While the effects of untreated white-coat hypertension are unclear, patients with treated hypertension who have white-coat effect seem to be at similar cardiovascular risk to patients with treated, controlled hypertension.
Ambulatory Blood Pressure Monitoring
Ambulatory blood pressure measurement is more highly prognostic of chronic kidney disease, adverse cardiovascular events, and mortality than in-office blood pressure measurement (Table 1) [20, 23, 34] . Ambulatory blood pressure monitoring provides automated blood pressure measurements in regular intervals over a 24-h period, comprising a complete cycle of wakefulness and sleep. A normal daytime mean ambulatory blood pressure is considered to be <135/85 mmHg [35, 36] .
In performing ambulatory blood pressure monitoring, patients are instructed to place the cuff on their non-dominant arm, engage in their usual daily activities, and avoid strenuous exercise [37] . Blood pressure is typically measured over a 24-h period every 15-30 min while awake and every 30-60 min during sleep [38] . Patients are also instructed to keep a diary documenting time to bed, time waking up, medications taken, periods of stress, and any other events of significance. Although there is no existing gold standard for adequacy of a 24-h ambulatory blood pressure assessment, testing is typically considered adequate if there are ≥14 daytime and ≥6 nighttime readings [39] .
Most patients demonstrate circadian variations in ambulatory blood pressure readings, with at least a 10 % lowering of blood pressure during sleep known as "nocturnal dipping" [34] . The absence of nocturnal dipping has been associated with increased risk of stroke and cardiovascular mortality, independent of degree of blood pressure control [40] . Patients with chronic kidney disease, obstructive sleep apnea, and obesity have blunted amplitudes of circardian variation and are significantly more likely to be non-dippers, which may be linked to increased risk of progression to end stage renal disease, stroke, and mortality [40] [41] [42] . Chronic kidney disease is also associated with an increased likelihood of paradoxical rise in blood pressure during sleep, known as "reverse dipping." The prevalence of reverse dipping increases as renal function worsens, occurring in up to 35 % of patients with advanced chronic kidney disease [43] . The presence of reverse dipping is associated with increased risk of stroke among patients with chronic kidney disease [44] .
Ambulatory blood pressure monitoring also captures normal circadian increases in blood pressure from nighttime to early morning, known as the morning surge. Augmented morning surge observed on ambulatory blood pressure monitoring may be independently associated with an increased risk of chronic kidney disease, cardiovascular disease, and stroke [45•, 46, 47] . High degree of blood pressure variability across 24-h ambulatory blood pressure monitoring (measured as the standard deviation of BP during ABPM) may also be associated with increased risk of cardiovascular disease [48] .
Although ambulatory blood pressure monitoring provides superior precision and prognostication compared to in-office readings, it is infrequently used in practice due to poor reimbursement and limited access ( Table 2) . Ambulatory blood pressure monitoring is typically only available in hypertension subspecialty clinics. Insurance companies usually only reimburse for ambulatory blood pressure monitoring for whitecoat hypertension, and the reimbursement rates are poorly balanced with the degree of clinician demand and overhead costs [49] . Additionally, while it is often well-tolerated, some patients are unable to wear the ambulatory blood pressure monitoring for the full 24-h period due to sleep disruption.
Home Blood Pressure Monitoring
Home blood pressure monitoring has become an increasingly acceptable alternative to ambulatory blood pressure monitoring. As opposed to 24-h ambulatory blood pressure monitoring, home blood pressure monitoring is more widely available, readily interpretable by most providers, and can provide information on resting blood pressure over long periods of time. It gives patients and physicians the opportunity to readily confirm the diagnosis of hypertension and provide ongoing monitoring of adequate therapy. An elevated home blood pressure is considered to be a mean blood pressure value of ≥135/85 across a minimum of 3 days of home blood pressure monitoring [13, 35] .
Compared to ambulatory blood pressure monitoring, home blood pressure monitoring is limited by its inability to provide data on nocturnal dipping and other variations in circadian blood pressure rhythm. However, as opposed to limiting screening and monitoring to in-office measurements, home blood pressure monitoring allows for accurate distinction of white-coat hypertension and masked hypertension [50] . Home blood pressure monitoring provides patients with the opportunity to confirm elevated blood pressure readings with repeated measures of blood pressures, potentially avoiding hypotensive events due to over-treatment. Furthermore, home blood pressure measurement provides notably greater prognostication for chronic kidney disease, cardiovascular disease, and mortality compared to in-office measurements [21, 23] . Additionally, although detection of circadian variations is limited in home blood pressure monitoring compared to ambulatory blood pressure monitoring, increased variability in daily home blood pressure readings may be associated with increased risk of cardiovascular disease and mortality [51] . Better prognostication (than office BP) for chronic kidney disease, cardiovascular disease, and mortality Circadian variations (non-dipping, reverse dipping, and augmented morning surge) are independently associated with increased risk of development and progression of chronic kidney disease, cardiovascular disease, stroke, and mortality
Day-to-day variability may be associated with increased risk of cardiovascular disease and mortality
Importance of Measurement Accuracy
Adequate blood pressure measurement, whether in-office or out-of-office, is critical to the accurate diagnosis of hypertension and monitoring of ongoing therapy. Many practitioners are skeptical of the accuracy of home blood pressure monitoring. In part, this is supported by the fact that patients often do not read the instructions and may use the monitors incorrectly.
It is important to provide clear instructions to patients on selecting an appropriate home monitor and to have patients bring their home monitors into the clinic in order to assess for adequate technique and calibration of the machine.
Upper arm blood pressure readings are more reliable and better-validated than wrist or finger measurements. Additionally, correct cuff-size is crucial, particularly given the high prevalence of obesity in the population. The bladder of the cuff should encircle at least 80 % of the arm circumference, taking into account that standard BP cuffs overestimate BP in obese patients [52] . Patients should be instructed to sit a quiet room for at least 5 min prior to checking their blood pressure, to ensure that they have an empty bladder, and to place their feet uncrossed, flat on the floor [53] . Patients should perform their blood pressure measurements two times in the morning and two times in the evening for five to seven consecutive days. When practitioners are calculating the mean blood pressure, the first day of readings should be disregarded [53] .
In-office and home measurements may be performed using either automated or manual monitors, as long as they are appropriately calibrated. Most home blood pressure monitors use oscillometric technology, as opposed to the aneroid devices requiring a stethoscope that are often used in the clinical setting. Oscillometric monitors measure the mean arterial pressure and use internal proprietary algorithms to estimate the systolic and diastolic blood pressure values [54] . Based on variations in these proprietary internal algorithms, not all monitors generate the same blood pressure values in the same patient [55] . Furthermore, many monitors are not individually validated [54] , reinforcing the importance of having patients bring their monitors into the office for assessment of both patient technique and device quality. Among those machines that are validated, oscillometric measurements are consistently reproducible and seem to provide an accurate approximation of daytime ambulatory blood pressure values [56] . An updated listed of validated blood pressure monitors can be found at http://www.dableducational.org/.
Notably, the 2016 Canadian Hypertension Education Program Guidelines for Blood Pressure Measurement, Diagnosis, Assessment of Risk, Prevention, and Treatment of Hypertension introduced a grade C recommendation advising providers to use validated automated oscillometric blood pressure devices for in-office measurements in favor of aneroid auscultatory measurement [57] . The authors note that automated oscillometric devices allow for repeated blood pressure measurements to be performed in the clinic while a patient rests alone in a quiet room, in the absence of any patient-provider interaction. In addition to facilitating repeated measurements of blood pressures within a single office visit, automated devices may reduce the impact of many potential confounders to obtaining accurate blood pressure measurements, such as conversation during measurement and white-coat effect [58] .
Drug-Resistant Hypertension
Up to 28 % of treated hypertensive patients have resistant hypertension, defined as requiring a minimum of three antihypertensive medications including a diuretic in order to achieve normotension [59] . Out-of-office blood pressure monitoring can be particularly useful in the verification and management of treatment-resistant hypertension. Patients with treatment-resistant hypertension often have white-coat effect [60] . In a 2013 cohort study of 423 patients with elevated blood pressure in the setting of resistant hypertension diagnosed by in-office readings, only 60 % of the patients had elevated blood pressures on ambulatory blood pressure monitoring [61] . Taking into account the high rate of white-coat effect among resistant hypertensive patients, these patients are often adequately controlled in the out-of-office setting, and escalation in therapy can put them at risk for hypotension and other adverse medication effects. Furthermore, much like the general population of hypertensive patients, ambulatory blood pressure monitoring has greater prognostic value than in-office measurements in patients with true resistant hypertension with regard to cardiovascular events and mortality [62, 63] . Additionally, poor adherence is a common issue, and may result in misperceived resistance to medication, known as pseudoresistance [59, 61] . As a result, patients may be prescribed a greater number of medications, at higher doses than indicated, increasing the risk of hypotension and other adverse effects when they do take their medications. Pill counting and monitoring of prescription renewals may provide clues into the occurrence of this effect, but are suboptimal options in the usual treatment setting. Ambulatory blood pressure monitoring and home blood pressure monitoring can be particularly helpful in the identification of these patients [64] .
Conclusion
The introduction of out-of-office blood pressure monitoring into US practice is an important complement to preexisting inoffice hypertension screening measures. When using out-ofoffice blood pressure values to guide therapy, practitioners should keep in mind that most existing treatment guidelines were based on studies using in-office blood pressure readings.
Nonetheless, with the rapid advancement of health-related mobile technology, the use of home-based monitoring is very likely to become increasingly common practice. Masked and white-coat hypertension have a high prevalence in the general population and often result in the under and over-treatment of hypertension, respectively. Masked hypertension, in particular, has the potential to pose grave long-term cardiovascular risk if left untreated. Independent of the presence of masked hypertension or white-coat effect, out-of-office blood pressure monitoring provides superior prognostication of long-term renal and cardiac risk compared to in-office blood pressures. Additionally, ambulatory blood pressure monitoring and home blood pressure monitoring can have an important role in the verification and management of drug-resistant and pseudoresistant hypertensive patients. Improved physician familiarity, patient-centered quality assurance, and fairer insurance reimbursement would help to overcome some of the barriers currently barring more widespread use of out-ofoffice blood pressure monitoring.
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